were offered treatment, serological testing, neuroimaging (CT scans and MRI) and clinical follow-up. Results: The cohort study comprised 817 individuals. The overall epilepsy incidence rate was 162.3/100,000 person-years, and for epileptic seizures, 216.6/100,000 person-years. Out of the 8 individuals who had epileptic seizures, 4 had markers for NCC (neuroimaging and/or serology). Conclusion: The incidence of epilepsy in this area endemic for cysticercosis is one of the highest reported worldwide. 
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Introduction
Epilepsy is one of the most common neurological disorders [1] , and neurocysticercosis (NCC), caused by infection of the central nervous system by the helminth Taenia solium , is currently recognized as the main cause of secondary epilepsy in developing countries [2, 3] . This parasitic infection is now considered a public health problem in industrialized countries due to migration of T. solium tapeworm carriers [4] [5] [6] .
Infection is common in endemic areas, reaching seroprevalences between 10 and 25% in the general population [7] [8] [9] [10] . Central nervous system infection with this parasite presents a wide spectrum of symptomatology, ranging from asymptomatic to a very severe, life-threatening, subarachnoid intraventricular disease. However, by far the most common clinical manifestation of NCC is epileptic seizures [3] .
Epilepsy is a frequent neurological pathology in developing countries [11] , but there is only scarce data about the incidence of NCC-related epilepsy. This study aimed to assess and characterize the incidence of seizures and epilepsy in a cysticercosis endemic population on the northern coast of Peru.
Methods

Study Site
This cohort study was conducted in the rural district of Matapalo, in the Zarumilla River Valley (near the Peru-Ecuador border), between 1999 and 2005. The district of Matapalo includes 7 villages: Isla Noblecilla, Quebrada Seca, Leandro Campos, Matapalo village, Nuevo Progreso, Totora and Tutumo; in this highly commercial border region, commercial activities are the main support for many individuals and they condition the time they spend in their home region. Therefore, specific operational definitions were required (see 'Operational definitions').
The northern part of Peru is a known cysticercosis-endemic area. A previous seroepidemiologic survey in the study area using the enzyme-linked immunoelectrotransfer blot (EITB, Western blot) assay found 25% human seroprevalence.
Enrolment and Census
A door-to-door baseline census was carried out for demographic information as part of a large project to control of T. solium taeniasis/cysticercosis. Each record information on individuals, including full name, gender, age and residential status, as well as characteristics of the household (number of persons, number of rooms, water source, sewage, use of latrines, electricity) and presence of pigs in the household. All participants gave their informed consent. The total population in the census as of 1999 was 1,004 persons (57.2% men, 42.8% women, mean age 26.01 8 19.46). The study was approved by the Institutional Review Boards of the Universidad Peruana Cayetano Heredia and Johns Hopkins University Bloomberg School of Public Health, and was in compliance with all applicable federal regulations governing the protection of human subjects.
Survey
In 1999, a prevalence study was carried out in the district of Matapalo [9] . From the 1,004 enrolled subjects, 903 complied with inclusion criteria and agreed to be part of the study. In this group, 43 individuals were found to have had epileptic seizures. The remaining 860 agreed to participate in this incidence study. A locally adapted form of the validated screening questionnaire used elsewhere [12] [13] [14] was given to all individuals in the prevalence study cohort. It was administered 10 times by trained field workers between 1999 and 2004. Activities were scheduled to take place every 6 months within the study timeframe (5 years); however, due to logistical reasons, although 2 activities were held every year, they did not necessarily take place at 6-month intervals. The questionnaire comprised 7 questions designed to identify all potential cases of epileptic seizures occurring after the previous survey round. After every survey round, all positive respondents were interviewed in situ by the same team neurologist (S.M.) who obtained a careful seizure history to confirm or reject the diagnosis of seizure according to the criteria of the International League Against Epilepsy [2] . In order to rule out false negatives, the survey carried out in February 2004 did not ask if the individual had presented signs or symptoms of epilepsy since the last survey round, but ever. All individuals who were confirmed as having had a seizure were taken out of the cohort and offered antiepileptic medication and follow-up by the study physicians.
Operational Definitions
Cohort. All voluntary individuals who were residents or temporary residents from the study site, and with negative screening for epileptic seizure in the cross-sectional study.
Resident. An individual who had usually slept in the village at least 2 nights per week since the previous survey.
Temporary Resident . An individual who slept in the village ! 2 nights per week, but more than once in a month, since the previous survey.
Epileptic Seizure. Clinical manifestation (sudden and transitory abnormal phenomena) presumed to result from the abnormal and excessive discharge of a set of neurons in the brain, perceived by the patient or an observer. It might include alterations in consciousness or motor, sensory, autonomic or psychological events [15] . Febrile seizures and eclampsia were excluded from the analyses.
Epilepsy. Two or more unprovoked epileptic seizures. An episode of status epilepticus or multiple seizures occurring in a 24-hour period were considered to be a single event [15] .
Study Outcome. Occurrence of epileptic seizures or epilepsy confirmed by a neurologist.
Study Withdraws. Absence at the first 3 consecutive follow-up surveys due to any cause.
Blood Sampling/Serology
Blood samples were obtained from all individuals with clinically confirmed epileptic seizures. The EITB assay for diagnosis of human NCC using lentil lectin affinity-purified T. solium metacestode glycoprotein antigens [16] was carried out on these samples. All samples were stored at -20 ° C at the Cysticercosis Working Group's facilities.
Neuroimaging
All patients with a diagnosis of epileptic seizure confirmed by neurological examination were offered a brain CT scan and an MRI in nearby health facilities.
Statistical Analysis
Differences in proportions were compared by 2 or Fisher exact tests. Incidence rate was defined as the number of new individuals with seizures in the given period over the time during which each person in the study was at risk of developing seizures, i.e. cases/100,000 person-years. All reported probability values are 2-sided; p values of ! 0.05 are considered to be significant. A logrank test was performed to detect differences between survival curves. A Poisson model was run to determine the covariates that were associated with epilepsy incidence. Statistical analyses were carried out using SPSS version 12.1 (SPSS Corp., Chicago, Ill., USA) and SAS version 9.1 (SAS Institute, Cary, N.C., USA).
Results
Among the 817 individuals in the cohort who responded to at least 1 of the first 3 surveys ( fig. 1 Throughout the 10 survey rounds (from October 1999 to October 2004), we identified 75 individuals with positive responses to possible seizures, 7 of them were confirmed to have had epileptic seizures by the neurologist. One individual presented an initial seizure during survey round number 10 (October 2004) and was confirmed at the neurologist's visit (April 2005). During this visit, this individual asked to be examined, and was included into the epileptic seizures positive group. Therefore, a total of 8 individuals were identified as positive for epileptic seizures in the 5-year period, giving an overall incidence rate of 216.6/100,000 person-years (95% CI: 93.5-427.3; table 1 ). Among these, 6 had a second seizure, fulfilling the diagnosis of epilepsy (incidence rate: 162.4/100,000 person-years, 95% CI: 59.5-353.6). There was a fairly even distribution of epileptic seizure incidence rates throughout each survey round, as can be seen in figure 2 .
Although few incident cases were identified, the difference in mean ages between the positive group and the When the Poisson model was applied, males were found to have a lower incidence of epilepsy than females (incidence rate ratio = 0.21); a positive Western blot was associated with 160% higher risk for epileptic seizures, although this was not significant. The association between age and incidence showed a curvilinear pattern, with a higher incidence in young ages up to approximately 20 years, which then decreased ( table 3 ) .
Serology
From the 8 individuals who presented epileptic seizures, 2 had a positive Western blot at baseline. A third individual had turned positive by the time he had his first seizure. During the serological follow-up that was carried out on these 8 patients, 1 of the seropositive participants turned negative.
Neuroimaging
The 8 individuals who developed seizures had MRI performed, but only 7 had CT scans (the eighth was a pregnant woman). Three were considered suggestive of NCC: a patient had 2 calcifications in the left frontal lobe, another had 2 calcifications in the left frontal lobe and 1 in the right frontal lobe, and the third individual had 1 calcification in the right temporal lobe. A fourth positive CT was not considered suggestive of NCC because the individual had brain calcifications near the falx, which could have been physiological calcifications.
Discussion
A previous study carried out in 1999 described Matapalo as a high prevalence area for epilepsy and for neurocysticercosis. The district had a prevalence of epilepsy of 32.1/1,000, and a prevalence of active epilepsy of 16.6/ 1,000; the seroprevalence was 24.2% and an estimated NCC-attributable fraction of epilepsy of between 25 and 30% was calculated [9] .
The present study adds to a short list of publications related to epilepsy incidence in nonindustrialized countries, and even a shorter list of epilepsy incidence related to NCC.
There is a considerable heterogeneity in the rates of seizures and epilepsy between different publications, both between countries and different cities of the same country, due to etiologic, methodological and sociocultural reasons. However, despite this heterogeneity and the wide confidence intervals, the incidences we report are higher than those of other developing countries. For example, in the Mariana Islands, an annual incidence between 30 and 47.3 per 100,000 was found [2, 17, 18] ; in Salamá, Honduras, the incidence was between 30.9 and 92.7 per 100,000 [19] , and in the northern Ecuadorian Andean region the incidence was 122 per 100,000/person-years [20] . Industrialized countries have age-adjusted incidences of epilepsy from 24 to 53 per 100,000 person-years [18, [21] [22] [23] [24] [25] .
This study was not designed to evaluate the association between neurocysticercosis and epilepsy, mainly due to the huge sample size required to test associations in an incidence study. However, 4 out of the 8 new cases had markers of NCC (either compatible brain CT findings or positive serology), and the age distribution showed all new cases occurring in age strata compatible with secondary epilepsies. In population surveys in rural areas, serology and imaging for NCC are frequently discrepant. The majority of NCC cases are individuals with calcified brain lesions only, as previously reported in Guatemala [26] , Honduras [27] , Ecuador [12] and Mexico [28] , and a significant proportion of them may have negative serology because of the antibody reaction wanes months or years after the parasites die. This would agree with a short report by Garcia et al. [29] , which showed that approximately 40% of seropositive individuals turn seronegative in about 1 year. On the other hand, positive serology (as for most infectious diseases) does not necessarily represent established infection. Thus, T. solium is a dynamic infection, and many newly exposed or infected people will develop only a transient serologic antibody reaction. Nevertheless, although 2 of our 8 participants with seizures were seropositive at the beginning of the study (which correlates with the 24% previously described in the area [9] ), there was a third participant who turned seropositive by the time of the seizures debut; this means that at a point in the timeframe of the study, the seroprevalence was 37.5%; however, given the number of cases, no further conclusions can be made related to this. Population studies in rural areas of developing countries have shown that most individuals present the onset of seizures in the first 2 decades of life [23, 25, 30, 31] . This observation was confirmed in Matapalo. In the study period, no individual was younger than 10 years old, nor older than 29 years old at the onset of epilepsy. While seizures in older ages may decrease due to increased mortality in elders, it was remarkable that the age range of all incident seizure cases was 10-29 years, and not at earlier ages. Most studies report no differences between genders, or a slightly higher prevalence and incidence in men [9, 32] . In our study area, women had a higher incidence of epileptic seizures, as per the previously calculated prevalence [9] .
The incidence rate for epileptic seizures throughout the follow-up was fairly even, which reassures us that the methodology was properly applied ( fig. 2 ) . Most (approx. 85%) of the global burden of epilepsy resides in the developing world [33] . This is not only due to a higher population denominator, but also to increased rates. The coexistence of increased rates and neurocysticercosis supports a contributory role for NCC in the etiology of epilepsy at a population level [11] .
